Objective: To evaluate how the changes in overweight status from childhood to adolescence are related to metabolic syndrome phenotypes in adolescents. Subjects and methods: A total 375 adolescents aged 16 years. The overweight status from childhood to adolescence (from 7 years of age to 16 years) was determined by body mass index (BMI, kg/m 2 ) calculated from records of the School Physical Examination data. The change in body weight was classified into four groups: normal weight to normal weight (NW-NW); overweight to normal (OW-NW); normal to overweight (NW-OW); overweight to overweight (OW-OW). Metabolic syndrome phenotypes were examined from a cross-sectional survey.
Introduction
The metabolic syndrome, a clustering phenomenon of metabolic phenotypes, such as dyslipidemia, high resting blood pressure, high fasting glucose and abdominal obesity, has been well recognized as a risk factor for type II diabetes and cardiovascular disease (CVD) in adults (Ford, 2005; Wilson et al., 2005) . For children and adolescents, although diverse definitions of metabolic syndrome have been used in various populations (Katzmarzyk et al., 2001; Cook et al., 2003; de Ferranti et al., 2004; Weiss et al., 2004; Yoshinaga et al., 2005) , a strong association between overweight and metabolic syndrome among adolescents has been suggested regardless of ethnicity (Cook et al., 2003; Duncan et al., 2004; Weiss et al., 2004; Yoshinaga et al., 2005; Esmaillzadeh et al., 2006) . The National Health and Nutrition Examination Survey 1999-2000 among adolescents aged 12-19 years (n ¼ 991) showed that metabolic syndrome was present in 32.1% of overweight adolescents (Cook et al., 2003) , compared with 7.1% of those at risk for overweight (body mass index (BMI) between 85th and 95th percentiles). The high prevalence of metabolic syndrome has also been identified among Asian overweight children and adolescents, showing in about 40% of Korean adolescents, 42% of Iranian adolescents and 20% of Japanese children (Sung et al., 2003; Yoshinaga et al., 2005; Esmaillzadeh et al., 2006; Kim et al., 2006) .
Childhood overweight is a well-known risk factor for severe obesity and chronic diseases, such as CVD and type 2 diabetes, over the life course (Must et al., 1992; Srinivasan et al., 1996; Ferraro et al., 2003) , with long-term effects on adult body size and fat distribution (Serdula et al., 1993; Dietz, 1994; Freedman et al., 2001a, b) . Understanding the relationship of overweight in childhood and adolescence with metabolic syndrome phenotypes is necessary to identify the link between childhood overweight and development of chronic diseases in adulthood. Recent evidence suggests that the prevalence of metabolic syndrome increases directly with the degree of obesity in children and adolescents, and the adverse metabolic syndrome phenotypes are already present in these youngsters (Weiss et al., 2004) . Several studies have reported that weight change from childhood to adulthood is associated with risk of chronic diseases and the risk factors in adults (Abraham et al., 1971; Srinivasan et al., 2001; Freedman et al., 2001a, b) . However, the effect of the change in overweight status from childhood to adolescents on metabolic syndrome phenotypes in adolescents is unknown. This information would be helpful in developing our understanding of adiposity-related comorbidities over time.
Therefore, this study was aimed to examine how the change in overweight from childhood and adolescence (over 9 years) is related to metabolic syndrome phenotypes in adolescents with a retrospective school physical examination data and health examination survey data in 1996-1997.
Methods
Subjects and data set The study population was students who had attended a high school in a rural area of Korea between 1996 and 1997. The study subjects were 154 (41.1%) students in 1996 and 221 (58.9%) students in 1997, who were aged 16 years at that time. We measured height with a standard height scale and weight with a metric weight scale. The waist was measured at the smallest horizontal trunk circumference with a tape. Physical and blood biochemical factors were examined. The blood pressure was measured twice at a greater than 5 min interval by auscultation using a standard sphygmomanometer and two different standard cuffs (17-21.9 and 22-22.9 cm arm circumference). When the first measurements differed by more than 5 mm Hg, additional measurement was taken, and the mean value of all three measurements was used. The venous blood samples were collected in the morning before breakfast, following an overnight fast. The plasma was separated using a bench centrifuge and was stored at À701C and then analyzed in the laboratory of Hanyang University Medical Center. Triglyceride and fasting blood glucose were analyzed by the Hitachi 747 Automatic Analyzer (Japan), and high-density lipoprotein (HDL) was measured by a direct method (Kyowa Medix, Japan). The parent's education, parents' disease history of hypertension, heart attack, myocardial infarction, heart disease, stroke and diabetes were also collected.
Determination of change of overweight status
The overweight status from childhood to adolescence was determined by using percentile of BMI (kg/m 2 ) for age and sex based on the Standard Growth Charts of Korean children and adolescents in 1998 published by the Korean Pediatric Society (Committee on Health and Statistics, 1999) . The height and weight to calculate BMI from childhood and adolescence were collected through the school physical examination data, which has been conducted from April to June every year for early detection diseases or health problems in students and teachers and school staff under the School Physical Examination Rule legislated in 1951. The school physical examination included height, weight, chest and sitting-height of students, which were measured by teachers. The height and weight of each year were measured by a wall standiometer and an analog weight scale. We collected subjects' height and weight records during 9-year period (between 7 and 16 years of age) from the school physical examination (from 1987 to 1997). The height and weight measured by teachers between 1996 and 1997 were compared with our measurements of height and weight. The Pearson correlation coefficient for measurements examined by teachers and us was high, showing 0.99 of coefficient for height and 0.97 of coefficient for weight. Overweight status was categorized into two groups; normal (BMI, o85th percentile for age and sex) and overweight (BMI, X85th percentile for age and sex). The change in the overweight status from childhood to adolescence was grouped into four overweight status categories; (1) from normal weight to normal weight (NW-NW); (2) from overweight to normal weight (OW-NW); (3) from normal weight to overweight (NW-OW) and (4) from overweight to overweight (OW-OW).
Statistical analysis
The change in overweight status from childhood to adolescence was examined according to three periods; from 7 years of age to 16 years, from 10 to 16 years and from 13 to 16 years. The effect of the change in overweight status from childhood to adolescence on metabolic syndrome phenotypes at 16 years of age was assessed by comparing mean values of each phenotype of metabolic syndrome among the four groups; NW-NW, OW-NW, NW-OW and OW-OW groups. The multivariate-adjusted mean values were estimated by using the General Linear Models (GLM) statistical analysis and pairwise comparisons among the four groups were assessed by the Tukey's test of the GLM.
The sum of the z-scores for metabolic syndrome phenotypes suggested in the Third Report of The National Cholesterol Education Program (NCEP) Expert Panel (2001) (waist circumference, HDL cholesterol (HDL-C), triglyceride, systolic blood pressure and fasting glucose level) was calculated from this study population. The score was compared among four groups to evaluate the risk of metabolic syndrome. The linear trends across the four groups were estimated by treating the categorized variable (the change of overweight status) as continuous variables assigned with the median value of BMI within the category in the GLM. The effects of gender, parents' education level, parents' disease history and subject's current regular exercise status were controlled in these analyses. Triglyceride was right-skewed, so that it was log transformed in the analysis. All analyses were conducted using SAS software (version 9.1, SAS Institute Inc., Cary, NC, USA).
Results
The general characteristics of subjects are shown in Table 1 . The proportion of boys was 47.5% (n ¼ 178). The mean value of BMI was 20.6 for boys and 21.1 for girls.
The mean BMI and prevalence of overweight linearly increased in both boys and girls over time ( Table 2 ). The prevalence of overweight at 16 years of age was about two times more than the prevalence at 7 years of age (6 versus 13%). Girls had higher prevalence of overweight than boys during all periods but the significant difference was shown in the prevalence of overweight at 7 years of age (P ¼ 0.03) and at 16 years of age (P ¼ 0.05).
The strong tracking of weight status from childhood to adolescence (NW-NW and OW-OW) is shown in Table 3 . About 88% of 16-year-old adolescents maintained weight status of 7 years of age, about 89% maintained weight status of 10 years of age and 91% maintained that of 13 years of age, showing the strongest tracking for a recent 3 years.
The mean values of metabolic syndrome phenotypes at 16 years of age were compared by the change in overweight status from childhood to adolescence (Table 3 ). The mean values of phenotypes at 16 years of age except for body fatness (BMI and waist) were not different between the NW-NW group and the OW-NW group, nor between the NW-OW group and the OW-OW group. As compared with normal adolescent at 16 years of age (NW-NW and OW-NW), overweight adolescents at 16 years of age (NW-OW and OW-OW) had significantly higher level of body fatness and fasting blood glucose, regardless of weight status during Cutoff point for overweight (85% percentile of BMI) was 18.0 at 7 years, 20.4 at 10 years, 23.4 at 13 years, 24.0 at 16 years for boys and 17.5 at 7 years, 19.8 at 10 years, 22.9 at 13 years, 23.9 at 16 years for girls.
childhood (Po0.05). For example, based on the change of overweight status from 7 to 16 years of age, the mean values of waist for the four groups were 68.4 for the NW-NW, 71.5 for the OW-NW, 80.5 for the NW-OW and 86.5 for the OW-OW. The cluster score of five phenotypes of metabolic syndrome (waist circumference, HDL-C, triglyceride, systolic blood pressure and fasting glucose level) at 16 years of age was compared among the four groups (Figure 1) . The score by change of overweight status from 7 to 16 years was À0.28 for the NW-NW, 0.42 for the OW-NW, 3.15 for the NW-OW and 4.22 for the OW-OW, showing a linear trend across the four groups (P for trend ¼ o0.001) (Figure 1a) . As a result of pairwise comparison test, the significant difference among the four groups was related to overweight status of 16 years of age. The score was not significantly different between normal group and overweight group during childhood within normal weight group at 16 years of age (NW-NW and OW-NW) or within overweight group at 16 years of age (NW-OW and OW-OW). However, the score for the overweight and normal groups were different at 16 years of age regardless of overweight status during childhood (NW-NW with NW-OW and OW-OW, Po0.05; OW-NW with NW-OW and OW-OW, Po0.05). Similar observations were shown in the results for change of overweight status from 10 to 16 years and from 13 to 16 years (Figure 1b and c) .
Discussion
This study found that current overweight status of adolescence had stronger association with metabolic syndrome phenotypes of adolescence than the change of overweight status from childhood to adolescence. The cluster score of metabolic syndrome phenotypes was not different between those who had been normal weight and overweight during childhood among overweight adolescents or among normal adolescents. However, the levels were significantly different between overweight adolescents and normal adolescents (at 16 years of age) regardless of overweight status during childhood. Our findings are noteworthy, in that no previous Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; NW-NW, normal weight to normal weight; NW-OW, normal weight to overweight; OW-NW, overweight to normal weight; OW-OW, overweight to overweight; SBP, systolic blood pressure; TG, triglyceride. All values are mean (s.e.) after adjusting for gender, parents' education and parents' disease history. Different alphabets (abcd) represent a significant difference (Po0.05) among four groups.
studies, to our knowledge, examined the relationship between the change in overweight during childhood and metabolic syndrome in adolescence.
The association between childhood obesity and adverse levels of risk factors in adulthood has been well known (Must et al., 1992; Srinivasan et al., 1996) . However, the association is unclear when adult weight status was additionally accounted. The Harvard Growth Study has reported that relative risk of coronary heart disease increased among men who had been overweight in adolescence, and the association was independent of adult BMI (Must et al., 1992) . On the contrary, two prospective studies have found that adult BMI was positively related to relative risk of coronary heart disease and diabetes when BMI at 18 years of age was adjusted, but BMI at 18 years of age had no relationship with the risk when adult BMI was adjusted (Colditz et al., 1990; Willett et al., 1995) . The Bogalusa Heart Study has found that childhood obesity was associated with adverse levels of risk factors in adulthood. However, after stratification by adulthood obesity, there was no association between levels of risk factors and childhood obesity in obese adults nor in normal adults (Freedman et al., 2001a, b) . We also found that overweight adolescents had higher cluster score of metabolic syndrome than normal adolescents regardless of childhood overweight. These findings imply that current weight in adolescents may be more closely related to the risk than weight in childhood. However, we cannot ignore the cumulative effect of overweight from childhood on the risk. In fact, the association between childhood overweight and the risk of metabolic syndrome in adolescence was linear (P for trend ¼ o0.0001 in Figure 1 ).
This study found no difference in the levels of metabolic syndrome phenotypes between overweight adolescents who were normal during childhood and persistently overweight adolescents. Several studies have addressed the impact of increase in weight independent of initial weight on adverse risk factors. (Abraham et al., 1971; Sinaiko et al., 1999; Srinivasan et al., 2001; Freedman et al., 2001a, b) . One study showed that obese adults who were normal as children had the highest prevalence of heart disease (Abraham et al., 1971) . Another study also observed that adults with gain in weight during childhood tended to have worse lipid profiles than persistently overweight adults (Freedman et al., 2001a, b) . Our study showed that the effects of the weight gain during childhood on adverse risk factors are already present in adolescence, underscoring the importance of weight management early in life.
This study has several limitations. First, because this study was conducted in a high school in a rural area, the results could not be generalized to all adolescents in Korea. As the prevalence of overweight in urban areas is higher than rural areas (Kim 1990; Park et al., 1993) , the change in overweight would be more apparent and its relationship with metabolic syndrome phenotypes would be stronger and clearer in urban adolescents. However, despite a lack of generalization to the nation, the subjects of this study could well demonstrate characteristics of a different group -adolescents in a transitional society. These characteristics are modest degree of childhood overweight and rapidly increasing overweight prevalence over time. Second, using BMI in this study to assess overweight for children and adolescents might be problematic, because it tends to have high specificity, but variable sensitivity, in children and adolescents (Himes and Bouchard, 1989; Marshall et al., 1991) . Several studies, however, showed high correlation between BMI and % body fat in children and adolescents, suggesting that BMI is an efficient indicator of overweight (Malina and Figure 1 (a-c) Adjusted z-score sum of metabolic syndrome components among four groups by overweight status from childhood to adolescence. (a) Overweight status from 7 to 16 years; (b) overweight status from 10 to 16 years; (c) overweight status from 13 to 16 years. NW-NW, normal weight to normal weight; OW-NW, overweight to normal weight; NW-OW, normal weight to overweight; OW-OW, overweight to overweight. The Z-score sum included waist circumference, high-density lipoprotein cholesterol, triglyceride, systolic blood pressure, fasting blood glucose and it was adjusted for gender, parents' education, parents' disease history. Different alphabets (abcd) represent a significant difference (Po0.05) among four groups. Katzmarzyk, 1999; Mei et al., 2002) . Third, this study could not account for the effect of maturation on the metabolic syndrome phenotypes in adolescents owing to a lack of information about maturation level.
In conclusion, there was a linear relationship between overweight status during childhood and metabolic syndrome phenotypes in adolescence but current overweight status (adolescence overweight) was more closely related to the adolescent risk of metabolic syndrome than childhood overweight status. Although it is important to identify and manage children who are more likely to be overweight as adults, various school-based health promotion programs for all children including those with normal weight are necessary preventive efforts.
